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EXPANDING A TUBULAR MEMBER 
Cross R^erehoe To Related Applications 
The present application daims the benefit of the filing date of U.S. provisional 
patent application serial no. 60/183,546, attorney dodcet no. 25791.10, filed on 
5 2/18/2000, the disclosure of which is incorporated herein by reference. 

This application is a oontinuation4n-part of U.S. Serial No. 09/559,122, attorney 
docket number 25791.23.02, filed on 4/26/2000, which datmed the benefit of the filing 
date of U.S. provisional patent appBcatbh serial number 60/131,106, filed, on 
4/26/1999, which was a continuatiorHn-part of U.S. patent application serial number 

* * ■ ■ 

10 09/523,460, attorney docket number 25791.11.02, filed on 3/10/ 2000, which claimed 
the benefit of the filing date of U.S. provisional patent applicatkm serial no. 60/124,042, 
filed on 3/11/1999, v^idi was a continuation-in^rt of U.S. patent application serial 
number 09/510,913, attorney docket number 25791.7.02, which daimed the benefit of 
ttie filing date of U.S. provisbnai patent applteatk)h serial number 60/121,702, ffled on 

15 2/25/1999, whk:h was a continuatkm-in-part of U.S. patent application serial number 
09/502,350, attorney docket number 25791 .8.02, filed on 2/10/2000, which daimed the 
beriefit of the filing date of U.S. provisional patent applicatton serial number 
60/119,611, attorney docket number 25791.8, filed on 2/11/1999, which was a 
continuaflon-ih-part of U.S. patent appBcation serial number 09/454,1^; attorney 

20 docket number 25791.3.02, filed on 12/3/1999, which daimed the benefit of the filing 
date of U.S. provisional patent application serial number. 60/111.293. filed on 
12/7/1998. 

The present application is related to the following U.S. patent £q;>plicatk>ns: (1) 

■ 

utility patent application number • attomey docket number 25791.9.02, 

25 filed on 11-16-1999, which daimed the benefit of the filing date of provisional patent 

, ' ■ .• * 

applteatton number 60/108.558, attomey docket number 25791.9, filed on 11-16*1998; 

(2) utility patent applicatbn number; . . , attomey docket number 25791.3.02, 

filed on 12-3-1999, which claimed ttie benefit of the filing date of provisional patent 
applk^ation number 60/111,293, attomey docket number 25791.3, filed on 12-7-1998; 

• ' I 

30 (3) utility patent application number , attomey doclcet number 

25791.8.02. filed on 2-10-2000, vifhich daimed ttie benefit of the filing date of 
provisional patent application number 60/119,611, attomey docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number 60/121.702. attomey 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent application number 

35 60/121.841, attomey docket number 25791.12. filed on 2-26-1999; (6) provisional 



patent application number 60/121,907, attorney dodc^ nuntber 25791.16. fiied on 2- 
26-1999; (7) provisional patent application number 60/124,042. attorney docket number 
25791.11. filed on 3-11-1999; (8) provisional patent application number 60/131.106. 
attorney docket number 25791 .23. filed on 4-26-1 999; (9) provisbnal patent appltoation 
5 number 60/137,998, attorney docket nuinber 25791.17. filed on 6-7-1999; (10) 
provisional patent appficiatlon number 60/143,039, aXtonw^ docket number 25791 .2§, 
filed on 7-9-1999; (11) provislwial patent 8f)pUcation number 60/146,203, attorney 
docket nunrdjer 25791.25. filed on 7-29-1999; (12) provisional patent applteatton 
mmnber attorney docket number ^791.29, filed on 9-16-1999; (13) 

10 pioviskmal patent appltoation number • . attorney docket number 

25791,34, filed on 10-12-1999; (14) proviskinal patent appltoation number , 

attorney docket number 25791.36. filed on 10-12-1999; (13) proviskmal patent 
appricatton number 60/159,033. attomey docket number 25791.37, filed on 10-12- 
1999; (15) provistonal patent applteatkm number attomey docket 

15 number25791.27,filed on 11-01-1999. 

Applicants incorporate reference the disclosures of these applications. 

Background of the Invention 
This Hfivention relates generally to wellbore casings, and in particular to wellbore 
casings that are fonned using expandable tubing. 

20 Conventionally, when a wellbore is created, a number of casings are installed in 

the borehole to prevent collapse of the borehole virall and to prevent undesired outflow 

' • * ■ ■ _ ■ 

of drilling fluid into the fonnation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed In a lower 
borehole interval is lowered through a previously instelled casing of an upper borehole 

25 interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are In a 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wajl to 
seal the casings from the borehole wall. As a corisequence of this nested arrangement 

30 a relatively large borehole diameter rs required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, Increased drilling rig time is involved due to required cement pumping,* 
cement hardening, required equipment changes due to large variations In hole 
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(fiameters drilled in the course ofthe well, and the large volume of cuttings drilted and 
removed. 

> 

ConventionaUy» at the surface end of the wellbore, a wellhead is formed that 
typically includes a surface casing, a number of production and^or drilling spools, 
5 vaMng, and a Chrfetmas tree. Typically the welBiead further includes a concentric 
arrarigement of casings including a production casing arui one or more intemiedlate 
casings. The casings are typically supported using load i)earing slips positioned above 
the ground. The conventional design and construction of wellheads is expensive and , 
comply 

10 ConvmUonally, a weiibore casing cannot be formed during the drilling of a 

wellbore. Typically, the weiibore is drilled and then a wellbore casing Is fbnmed in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fomrring wellborps and wellheads. 

15 Summary 

According to another embodiment of the present invention, a method of 
expanding a tubular nriember is provided that includes placing a mandrel within the 
tubular member, presswizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubular mernber. 

20 According to another embodiment of the present invention, an apparatus for 

radially expanding a tubular member is prodded that includes a first tubular membier, a 
sea)nd tubular memtier positioned within the first tubular member, a third tubular 
member movably coupled to and positioned within the sepond tubular member, a first 
annular sealing memt)er for sealing ah interface t)etween the first and second tubular 

25 membersf, a second annular sealing member for sealing an interface t)etween the 
second and third tubular members, and a mandrel positioned wiUiin the first tubular 
member and CQupled to an end of the third tubular member. 

According to anottier embodiment of the present invention, an apparatus is 
provided ttiat includes a tubular member, a piston adapted to expand the diameter of 

30 the tubular member positioned within the tubular member, and an annular chamber 
defined by the piston and tubular member. The piston includes a passage for 
conveying fluids out of this tutMJiar member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubularmember coupled to the 

35 preexisting structure. The tubular member is coupled to the preexisting structure by 



the process erf: posHiordng the tubular mernber in an overtapping relationship to the 
preexisting stnichirei placing a rriandrei within the tubular member, pressurizing an 
annular regton within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular member. 

5 According to ancrther embodiment of the present invention, a method of 

expanding a tubular member is provided that includes preforming the tubular member 
to include a first portton, a second portion, and a third portion, placing a mandrel within 
the second portion of the tubular rhemt)er. jvessurizing a regton within the tubular 
member, and displacing the mandrel v^th respect to the tubular member The inside 

10 diameter of the second portion of the tubular member is greater than the Inside 
diameters of the first and thinl portions of the tubular member. 

According to another embodiment of the present invention, an apparatus for 
radi£rity expanding a tubular member is provided that includes a first tubular member, a 
second tubular member coupled to the first tubular member, a third tubular menrtber 

15 coupled to the second tubular member, and a mandrel positioned within the second 
tut)ular member and coupled to an end portion of the third tubular rnember. The inside . 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tulnjiar members. 

According to another embodiment of the present invention, an apparatus is 

20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to e)9)and the diameter of the tubular member positioned vdthin the 
second portion of the tubular member, the piston including a passage for conveying 
fluids out of the tubular member. The inside diameter of the second portion of the 
tubular member is greater than the inside diameters of the first and third portions of the 

25 tubular ntember. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a pre^ting structure and a tubular member coupled to the 
preexisting structure. The tubular member Is coupled to the preexisting structure by 
the process of. prefonming the tubular member to include first, second, and third 

30 portions, positioning the tubular member in an overtapping relationship to the 
preexisting structuns; placing a mandrel within the second portion of the tubular 
member, pressurizing an interior region within the tublular member, and displacing the 
mandrel with respect to the tubular menjber. The inside diameter of the second portion 
of the tubular member Is greater than the inside diameters of the first and third portions 

< 

35 of the tubular member. 



The present embodiments of the invention provide metKods and apparatus for 
fbrirmg and/or repairing welibore casings, pipeiines, and/or structural supports by 
radially expanding tubular members. In this manner, the formation and repair of . 
welibore casings, pipelines, and stnictural supports is irhproved. 
5 Brief Description of the Drawings 

FIG. 1a is a fragmentary cross-section illustrafion of an embodiment of an 
apparatus and rnethod for expanding tubular rnerTA)ers. 

FIG. lb is another fragmentary cross-sectional illustration of the apparatus of 
FIG. la. 

10 FIG. 1c is another fragmentary cross-sectional illustration of the apparatus of 

FIG. la. 

FIG. 2a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and rnethod for expanding tubular nriernbers. 

FIG. 2b is anottier fragmentary cross-sectional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a 

FiG. 2d is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

20 FIQ. 2e is another fragmentary cross-sedionai illustration of the apparatus of 

FIG. 2a. ' 

Detailed Description of the Illustrative Embodiments 
Refening now to FIGS, la, lb and Ic, ari apparatus 100 for expanding a 
tubular member will be described. In a praferred embodiment, the apparatus 100 

25 includes a support member 1 05, a packer 11 0, a first fluid conduit 1 1 5^ an annular fluid 
passage 120, fluid inlets 125. an annular seal 130, a second fluid conduit 135, a fluid 
passage 140^ a mandrel 145, a rnandral launcher ISO, a tubular member 155. slips 
160, and seals 165. In a preferred embodiment, the apparatus 100 is used to radially 
expand the tubular member 155. In this manner, the .apparatus 100 may be used to 

30 fonn a wellbora casing, line a welibore casing, fomi a pipeline, line a pipeline, form a 
structural support member, or repair a welibore casing, pipeline or structural support 
member. In a prefened embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular member. 

The support member 105 is preferably coupfed to the packer 110 and the 

35 mandrel launcher 150. The support member 105 preferably is a tubular member 

• 5' ■ . 



fabricatBd from any number of conventional oommerdally available materials such as, 
for exarrq[)le, oiffieid country tubular gopds^ low alloy steel, carbon steel, or stainless 
steel The support member 105 is preferably selected to fit through a preexisting 
section of weilbore casing 170. In this manner, the apparatus 100 may be positioned 
5 within the weilbore casing 170. In a preferred embodiment, the support member 105 is 
releasably coupled to the mandrel launcher 150. in tMs mannw, the support member 
105 may be decoupled from the mandrel launcher 150 upon the completkMi of an 
extruston operation. 

' The packer 110 is coupled to the support mernber 105 and the first fluid conduit 

10 115. The packer 1 10 preferably provkles a fhjkl seal between the butskie surfece of 
the first flukJ conduit 115 and the insMe surface of the support member 105. In this 
manner, the packer 110 preferably seals pff and, in combination with the support 
member 105. first fluid conduit 115, second fluid conduit 135, and mandrel 145, defines 
an annular chamber 175. The packer 110 nwiy be any number of conventional 

15 oornmerciaily available packers modified in accordance with the teachings of the 
present disctosure. In a prefenred embodiment, the packer 110 is an RTTS packer 
available from Halliburton Energy Services In order to optimally provide high load and 
pressure coritainment capadty ^ile also allowing the packer to be set and unset 
multiple times without having to puH the packer out of the weHbore. 

20 The first fluM conduit 115 is coupled to the packer 110 and the ainnular seal 

130. The first fluid conduit 115 preferably is an annular member fabricated from any 
number of conventional commercially available materials such as, for example, oilfieM 
country tubular goods, ksw alloy steel, cart>on steel, or stainless steeL In a preferred 
embodiment, the first fluid conduit 115 includes one or more fluid inlets 125 for 

25 conveying fluidic materials frofh the annular fluid passage 120 into the chamber 175. 

The annular flukl passage 120 is (tefined by and po5itk>ned between the interior 
surface of the first flukl conduit 1 15 and the interior surfece of the second flukl conduit 
135. The annular fluid passage 120 is (^ferably adapted to convey fluidic materials 
such as cement, water, epoxy^ lubricants, and slag mix at operating pressures and flow 

30 rates ranging from about 0 to 3,000 gallons/minute and 0 to 0,000 psi in order to 

optimally prqykle flow rates and operational pressures for ttie radial expansion process. 

The fluid inlets 125 are positioned in an end portion of the first fluid conduit 1 1 5. 

> , . ' - ' 

The fluid inlets 125 preferably are adapts to convey fluklic materials such as cement; 

water, epoxy. lubricants, and slag mix at operating pressures and flow rates ranging 



from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
flow rates arvl operational pressures for the radial exparision process. 

The annular seal 130 is coupled to the first fluid conduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
5 inteffor surface of the first fluid conduit 115 and the exterior surfeioe of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal between the intertor 
surface of the first fluid conduit 1 1 5 and the exterior surface of the second fluid conduit 
135 during relative axial motion erf the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional oornmerdally 
10 available seals such as, for example, 0-rings, polypak seals, or metal spring energized 
seals. In a prefened embodiment, the annular seal 130 is a polypak seal available 
from Paricer Seals. 

The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 145. The second fluid conduit preferably is a tubular member fabricated frorp 

15 any nurnber of conventional commercially aviailable materials such as, for example, 
coiled tubing, oilfield country tubular goods, low alloy steel, stainless steel, or low 
cart)on steel. In a prefenred embodiment, the second fluid conduit 135 is adapted to 
convey fluidic materiate such, as cemeni« water, epoxy, lubricants, and slag mix at 
operating pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3,000 

20 gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial 6)q)ansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a prefened embodiment, the fluid passage 140 is adapted to convey 
fluidic materials such as cement, water, epoxy, lubricants, and slag mix at operating 

25 pressures and flow rates ranging from aboiA 0 to 9,000 p^i and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expanston process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular men^r having a conic 

30 section fatxicated from any number of conventional commercially available materials 
such as, for example, machine tool steel, ceramics, tungsten cart>ide, titanium or other 
high strength alloys. In a preferred embodiment, the angle of the conic section of ti>e 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally exparui the 
mandrel launcher 150 and tubular member 155 in the radial direction, in a prefenBd 

35 embodiment, the surface of the conic section ranges from about 58 to 62 Rockwell C in 



. order to optimally provide high ytoid strength. In a preferred embodbriem. the 
expansion cone 145 is heat treated in order to optinially provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness, in an alternative embodiment, the mandrel 145 is expandibie in 
5 order to further optimally augment the radial expansion process. 

The mandrel launcher 150 te coupled to the suppcHt member 105. ftie mandrel 
145, and the tubular member 155. The mandrel launcher 150 preferably are a tut)ular 
member having a variable cross-section and a reduced wall thidcness in order to 
facilitate Ihe radial expansion process. In a preferred embodirhent the cross-sectional 

10 area of the mandrel lauhcher 150 at one end is adapted to rnate with the mandrel 145, 
and at the other end. the cross-sectional area of the rnandrei launcher 150 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wall thickness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular member 155 in order to facilitate the initiation 

15 of the radial expansion process. 

The niandrel laundier 150 may be fat)ricated from any number of conventional 

* ■ ■ ■ • • 

commercially available materials such as, for examf^e, oilfield country tubular goods, 
low altow steel, stainless steel, or carbon steel. In a prefenred enibodrment, the 
mandrel launcher ISO is fabricated finom oilfield country tubular goods having higher 

20 strength but lower wall thickness than the tubular member 155 in order to optimally 
match the burst strer^ of the tubular member 155. In a preferred embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, tha mandrel launcher 150 may be removed from the wellbore 180 upon the 
completion of an extruskx) operation. 

25 In an alternative embodiment, the support member 105 and the mandrel 

launcher 150 are integrally fonned. In this alternative embodiment, the support 
rnernber 105 preferably temriinates above the top of the packer 110. In this attemative 
embodiment, the fluid conduits 115 and/or 135 provide structural support for the 
apparatus 100, using the packer 1 10 to couple together the etements of the apparatus 

30 100. In this alternative embodiment, in a preferred embodiment, during the radial ' ^ 
expansion process, the packer 110 may be unset and reset, after the slips 160 have 
anchored the tubular member 155 to the previous casing 170, within the tubular 
member 155, between radial expansion operations. In this manner, the packer 110 is 
moved downhole and the apparatus 1 00 Is re-stroked. 



The tutMilar member 155 is coupled to the mandrel launcher, the slips 160 and 
the seals "1 65. The tubular member 155 preferably is a tubular memt)er fabricated from 
any number of conventional commercially available materials such as, for example, low 
alloy steel, cart>on steel, staintefss steel, or oilfield country tutHJlar goods. In a preferred 
embodiment, the tubular member 1 55 is fabricated from ollfieid country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 155. In this 
manner, the sHps 160 provkte staidurel support fbr the expanded tubular merrAier 155. 
The slips 160 may be any number of conventibnai commercially available sDps such 
for examiple, RTTS packer tungsten carbide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a preferred eml>odiment, the slips 160 are RTTS packer tungsten 
carbkie mechank»l slips available from Halliburton Energy Services. In a prefenred 



750.000lbf. . 

the seals 165 are coupled to the outside surface of the tutxjiar memt>er 155. 
The seals 165 preferebly provkie a flujdte seal t>etween the outsMe surfece of the 
expanded tubular menriber 155 and the interior walls of a casing, pipeline or other 
structure upon the radial expansbn of the tubular memt)er 155. In this manner, the 
seals 165 provkie a fluMic seal for the expanded tubular meml)er 155. The seals 165 
may be any number of conv^ttonal oonvnercially available seals such as, for example, 
nitriie rubber, lead, Aflas rubber, Teflon, epoxy, or other elastomers. In a prefenred 
embodiment, the seals 165 are rubber seals available frem numerous commercial 
vendors in order to optimally provkie pressure sealing and toad bearirig capacity. 

During operatton of the appiaratus 100, the apparatus 100 is preferably lowmd 
into a wellbore 180 having a preexisting section of wellbore casing 170. In a preferred 
embodiment, the apparatus 100 is positioned with at least a portion of the tubular 
member 155 overlapping with a portion of the wellbore casing 170. In this manner, the 
radial expanston of the tubular meNnber 155 will preferably cause the out&Me surfece of 
the expanded tubular member 155 to couple with the inside surface of the wellbore 
casing 170. In a prefenned embodirnent, the radial expansion of the tubular member 
155 will also cause the slips 160 and seals 165 to engage with the interior surface of 
the wellbore casing 1 70. In this manner, the expanded tubular member 1 55 is provided 
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with enhanced structural support tiy the slips 160 and an enhanced fluid seal by the 
seals 165. 

As DIustrated in FIG. 1b, after placement of the^apparatus 100 in an overlapping 

* • * 

relationship with the wellbore casing 170, a fluidic material 185 is preferably pumped 
5 into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
preferred embodiment, the flutdic material is pumped into Vha chamber 1 75 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and p to 3.000 

gallons/minute in order to optimally provide flow rates and operational pressures for the 

' ' • . 

radial expansion process. The pumped fluidic nriaterial 185 increase the operating 
10 pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
merhber 155 off of the face of the mandrel 145. The extrusion of the mandrel launcher 

■ 

150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 

i 

launcher 150 and tubular memtier 155 to expand in the rmiial direction. Contirtued 
15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 155 to expand in the radial direction. 

■ 

In a prefenred embodiment, the pumping rate and pressure of the fluidic 

* » " ' - * ■ , 

material 185 is reduced during the latter stagos of the extrusion process in order to 
minimize shock to the apparatus 100. In a preferred embodiment, the apparatus 100 
20 includes shock absort>ers for absori^ihg the shock caused by the completion of the 
extrusion process. 

In a preferred emtxxiiment, the extrusion process causes the mandrel 145 to 
move in an a)dal directton 185. During the axial movement of the mandrel, in a 
preferred embodintont, the flukl passage 140 ODnveys fluidic material lQO displaced by 
25 the moving mandrel 145 out of the wellbore 180. in this manner, the operational 
efficiency and speed of the extruskMi process is enhanced. 

In a preferred emtxxiiment the extrusion process includes the injection of a 
hardenable fluidic material into the annular regton between the tubular member 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
30 the expanded tubular member i 55 and the interior walls of the welltx>re 1 80. 

As illustrated in FIG. Icjn a prefennad ernbodiment, upon the completton of the 
extrusion pnxess. the support member 105, packer 110, first fluid corxluit 115, annular 
seal 130, second fluid conduit 135, mandrel 145, and mandrel launcher 150 are moved- 
from the wellbore 180. 

10 



In an alternative embodiment the apparatus 100 is used to repair a preexisting 
wellbore casing or pipeline. In thb attemative embodiment, both ends of the UdHJiar 
rnmiber 155 preferably include slips 160 and seals 165. 

In an attemative embodiment, ttie apparatus 100 \s used to form a tubular 
5 stmdural support for a building or offshore staicture. 

Referring now to FIGS. 2a. 2b, 2c, 2d, and 2e, an apparatus 200 for expanding 
a tubular member will be descr9)ed. In a preferred embodiment, the s^paratus 200 
includes a support member {205, a rifiandret launcher 210, a . mandrel 215, a first fluid 
passage 220. a tubular member 225. slips 230, seals 235. a shoe 240, and a second 
10 fluid passage 245. In a preferred embodiment, the apparatus 200 is used to radially 
expand the mandrel launcher 210 and. tubular member 225. In this manner, the 
apparatus 200 may be used to fonm a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeHrie, fbnn a striKiturai support men^r. or repair a wellbore casing, 
pipeline or structural support member. In a pirofen^ embodiment, the apparatus 200 
15 is used to dad at least a portion Of tt^e tubular rnember 225 onfo a preex^ 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
Th9 support member 205 preferably is a tubular member febricated from any number 
of cmventipndl oonrvnerdally available materials such as, for example, oilfield country 

20 tubular goods, low alloy steel, carbon steel, or stainless steel. The support menriber 
205, the mandrel launcher 210, the tubular member 225, and the shoe. 240 are 
preferably selected to fit through a preexisting section oX wellbore casing 250. In ttiis 
manner, the apparatus 200 may be positioned wiOiin the wellbore casing 270. tn a 
preferred embodiment, the support member 205 is reieasably coupled to the mandrel 

2S launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 210 upon the completion of an extrusion operation. 

^. The mandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section and a reduced wall thickness in order to facilitate the 

30 radial expansion process. In a preferred emt>odifnent, the crbss-sectional area of the 
mandrel launcher 210 at one end is adapted to mate with the mandrel 215, and at the 
other end, the cross-secHorial area of the mandrel launcher 210 is adapted to match 
the cross-sectional area of the tubular member 225. In a prefenred . embodiment, the 
wall thiclcness of the mandrel launcher 210 ranges from about 50 to 100 % of the wall 
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thidcness of the tubular member 225 in order to facDitate the initiation of the radial 
expansion process. 

The mandrel launcher 210 may be fabricated from any number of conventional 
ownmerdally available materials such as, for example, oilfieici country tubular goods, 
S low allow steel, stainless steel, or caxbon steel* In a preferred embodiment, the 
mandrsl launcher 210 is fabricated fipm oilfield country tubular goods having higher 
strength but lower wail thickness than the tubular member 225 in order to optimally 
match the burst strength 6f the tubular member 225. In a preferred embodiment, the 

mandrel launcher 210 is removably coupled tp the tubular member 225. In this 

» 

10 manner, the mandrel launcher 210 may be removed from the weltbore 260 upon the 
completion of an extrusion operattpn. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are art annular member having, a oonlq section fabricated from any number 
of conventional oonrrnierdally available materials such as, for exarrq^le, machine tool 

15 steel, ceremics, tungsten carbide, titanium or other high strength albys. In a preferred 

« 

embodiment, the angle of ttie conic section of the mandrel 215 renges fnm about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
member 225 in the redial direction. In a preferred embodiment, the surface of the oonic 
section ranges from about 58 to 62 Rockwell C in order to optimally prevkle high yield 

20 strength. In a prefenred enrit>odiment, the expanston (xx\e 215 is heat treated in order 
to optimally provkJe a hard outer surface and a resilient interior body in order to 
optimally prevkle abrasion resistance and fracture toughness. In an alternative 
embodiment, the mandrel 215 is expendible in order to further optimally augment tiie 
radial expansion process. 

25 The fluid passage 220 is positioned within tiie mandrel 215. The fluid passage 

220 is preferably adapted 16 convey fluMte materials such as cement, water, epoxy. 
lubricants^ and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide flow rates and 
operational pressures for the radial expansion process. The flukl passage 220 

30 preferably includes an inlet 265 adapted to receive a plug, or ottier similar device. In 
this manner, the interior chamber 270 above the mandrel 215 may be fluididy isolated 
from the interior chamber 275 betow the mandrel 21 5. 

The tubular member 225 is coupled to the mandrel launcher 210. the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 

35 from any number of conventional commercially available materials such as. for 
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example, ton alloy steel, cartxMi steel, stainless steel, or dHield country tubular goods. 
In a prefenred emt>odiment,,the tubular member 225 is fabricated from oOfield country 
tubular ^ >ods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 

5 The slips 230 prtferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
The slips 230 may be any number of conventional commercially available slips such 
as, for example, RTTS packer tungsten carbide mechanical slips. RTTS packer wicker 

10 type nr)echanical sHps. or Model 3L retrievable bridge plug tungsten cariMde upper 
mechanical slips. In a preferred embodiment, the slips 230 are adapted to support 
a}dal forces ranging from about 0 to 750,000 ibf. 

The seals 235 are coupled to the outside surface of the tubular menrdt^er 225. 
The seals 235 preferably provkle a flukiic seal between the outskle surface of the 

15 expanded tubular member 225 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular memt>er 225. In this .manner, the 
seals 235 provkie a flulditi seal for the expanded tubular member 225. The seals 235 
may be any number of oonventtonal conunerdally available seals such as, for example, 
nitrile rubber, lead, Aflas rubber, Tefk>n, epoxy or other elastomers. In a prefenred 

20 embodiment, the seals 235 are conventional rubber seals available from various 
commercial venders in order to optimally provkie pressure sealing and toad bearing 
caqDadty. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tubular menniber having a flukl passage 245 for conveying flukiic 

25 materials from the chamber 275 to the annular regton 270 outskle of the apparatus 
200. The shoe 240 may be any number of conventional commercially available shoes 
such as, for example, a Super Seal 11 ftoat shoe, a Super Seal H Down-Jet float shoe, 
or a guide shoe with a sealing sleeve for a latch down plug modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the shoe 240 is an 

30 aluminum down-jet guide shoe with a sealing sleeve for a latch down piug^ availeble 
from Halliburton Energy Services, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 225 in the wellbore, 
optimally provkie a fluidic seal between the interior and exterior diameters of the 
overiapping joint between the tubular members, and optimally facilitate the complete 
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drilling out of the shoe and plug upon the completion of the cementing and radial 
expansion operations. 

During operation of the apparatus 200, the apparatus 200 is prefecsb^:lowered 
into a wellbore 260 having a preexisting section of W|6libore casing 275. In a preferred 
5 emtxxliment, the apparatus 200 is positioned with at least a portion of the tubular 
member 225 overlapping with a portion of the weilbore casing 275. in this manner, the 
radial expansion of the tubular member 225 will preferably cause the outside surtece of 
the expanded tubular member 225 to couple with the inside surface of the wellbore 
casing 275. In a prafenred embodiment, the radial expansion; of the tubular member 
10 225 will also cause the slips 230 and seals 235 to engage with the interior surbce of 
the wellbore casing 275. In this manner, the e)9)anded tubular member 225 is provided 
with enhanced structural support by the slips:230 and an enhanced fluid seal by the 

seals 235. r : 

As illustrated in FIG. 2b, after placement of the apparatus.200 in an ovisrlapping 
15 relationship with the wellbore casing 275, a fluidic imaterial 280 is preferably pumped 

« 

into the chamber 270. The fluidic rnaterial 280 then passes through the fluid passage 

• . . ... 

220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, through the fluid passage 24i5, and into the annular region 270. In a preferred 
embodiment, the fluidic material 280 is pumped into the chamber 270 at operating 

20 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. In a preferred embodiment, the fluidic material 280 is a 
hardenable fluidic sealing material in order to form a hardened outer annular mismber 
around the expanded tubular member 225. 

25 As illustrated in FIG. 2c, at some later point )n the process, a ball 285, plug or 

other similar device, is introduced into the pumped fluidic material 280. In a prefenred 
embodiment, the baji 285 mates with and seials off the inlet 265 of the fluid passage 
220. In this manner, the chamber 270 is fluidicly isolated from the chamber 275. 

As illustrated in FIG. 2d, after placement of the bail 285 in the inlet 265 of the 

30 fluid passage 220, a fluidic material 290 is pumped into the chamber 270. The fluidic 
material to preferably pumped into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9.000 pst and 0 to 3,000 gallons/minute in order to 
provide optimal operating efficiency. The fluidic material 290 may be any number of 
conventional commercially available materials such as, for example, water, drilling 
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mud, cement epoxy» or slag mix. In a prefenBd embodiment, the fluidic material 290 is 
a noivhardenable fluidic material In order to maximize operational effldenq^. 

Continued pumping of the fluidic material 290 increases fluidic material 280 
increases the operating pressure within the chamber 270. The increased operating 

5 pressure in the chamber 270 then bauses the mandrel 215 to extrude the nr»ndre| 
launcher 210 and tubular rnember 225 off of ttie conical face of the mandrel 215. The 
extnjsion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 

10 causes the eritire length of the tubular member 225 to expand in the radial direction. 

in a preferred embodiment, the pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extnjsion process in order to 
minimize shock to the apparatus 200. In a preferred embodiment, the apparatus 200 
includes shock absorbers for absorbing the shock caused by the completion of the 

15 extniskxi process. In a preferred embodiment, the extrusion process causes the 
mandrel 215 to move in an axial directton 295. 

As niuslrated In FIG. 2e, in a preferred embodiment, upon the completton of the . 
extniston process, the support member 205, packer 210, flrst fluid conduit 215, annular 
seal 230, second fluM conduit 235. mandrel 245, and mandrel launcher 250 are 

20 removed from the wellbore 280. In a prefenBd embodiment, the resulting new section 
of wellbore casing Includes the preexisting wellbore casing 275, the expanded tubular 
member 225. the sHps the seals 235. the shoe 240, and an outer annular layer 

■ * * 

4000 of hardened fluidic material. 

In an alternative embodiment, the apparatus 200 is used to repair a preexisting 
25 wellbore casing or pipeline. In this alternative embodiment, both ends of the tubular 
member 255 preferably Include slips i260 and seals 265. 

In an altemative embodiment, the apparatus 200 is used to fomi a tubular 
structural support for a building or offshore structure. 

In a preferred ernbodiment, the tubular members 105 and 225; shoes 240; 
30 expanston cone launchers 150 and 210; and expansion cones 145 and 215 are 
provkJed substantially as described in one or more of the following U.S. patent 

applicatk>ns: (1) utility patent application number , attorney docket 

number 25791.9.02, filed on 1 1-16-1999, which claimed the benefit of the filing date of 
provi^onal patent applk:ation number 60/108,558, attomey docket nurrtber 25791.9. 
35 filed on 1 1-16-1998; (2) utility patent application number attomey docket 



number 25791.3.02. filed on 12-3-1999. which claimed the benefit of the filing date of 
provisional patent application number 60/111.293. attorney docket number 25791.3. 
fBed on 12-7-1998; (3) utiHty paisnt appllcafon number attorney docket 

number 25791.8.02. filed on 2-10-2000. which daimed the benefit of the filing date of 
piovtetonal patent applkatkm number 60/119.611. attorney docket number 2S791.8. 
filed on 2^11-1999; (4) provlsionai patent application number 60/121.702. attorney 
docket number 25791.7. filed on 2-25-1999; (5) provisional patent application number 
60/121,841. attorney docket number 25791.12. filed on 2-26-1999; (6) provlskmal 
patent appKcatnn nurhber 60/121.907. attorney docket number 25791.16. filed on 2- 
2&-1999; (7) proviskmal patent appikatton number 60/124,042, attorney docket number 
25791.11. filed on 3-11-1999; (8) provisional patent applteatkm number 60/131.106. 
attorney docket number ^91^. filed on 4-26-1999; (9) provistonal patent application 
number 60/137,998. attorney docket number 25791.17. filed on 6-7-1999; (10) 
provistonal patent applicatkm number 60/143.039. attorney docket nuniber 25791 .26. 
filed , on 7-9-1999; (11) provisional patent applkiation number 60/146.203. attorney 

« ■ 

docket number 25791.25. filed on 7-29-1999; (12) proviskMiai patent application 

nun*er ' , attorney dock^ number 25791.29. filed on 9-16^1999; (13) 

provistonal patent ^Itoatton number ■ attorney docket number 

25791.34, filed oh 10-12-1999; (14) provistonal patent application number , 

attorney docket number 25791.36. filed on 10-12-1999; (13) provistonal patent 
appHcatton number 60/159,033. attomey docket number 25791.37, filed on 10-12- 

1999; (15) provisional patent application number ■_, attomey docket 

number 25791.27. fitod on 11-01-1999. Applicants incorporate by reference the 
disctosures of these applications. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of ^ modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a cooBsponding use of the other features. Accordingly, it is 
appropriate that the appended dairhs be construed broadly and in a mannier consistent 
with the scope of the invention. 



Claims 

1 . A method of coupling a tubular memt)er to a preexisting structure, comprising: 
preforming the tutelar member to include a first portion, a second portion and a 

third portion; 

5 pladng a rnahdrel within the second portion of the tuta 

positioning the faibutar membfor in an overlapping relationship to the preexisting 
structure; ^ 
pressurizing an interior region within the tubular member above the mandrel; 

and 

10 displacing the mandrel with respect to the tubular member, 

wherein the inside diameter of the second portion of the tubular member is 

greater than the inside diameters of the first and third portions of the tubuldr member, 
wherein the pressurizing is proNdded at operating pressures ranging from 0 to 

9,000 psi; and 

15 wherein the pressurizing is provided at flow rates ranging from 0 to 3,000 

gallons/minute. 

* 

* 9 _ ' 

2. An apparatus for coupling a tubular member to a preexisting stnicture, 
comprising: 

20 means for preforming the tubular member to include a first portion, a second 

portion and a.third portion; 

means for placing a mandrel within the second portion of the tubular member; 

means for positioning the tubular member in an overiapping relationship to the 
preexisting Structure; 

25 means for pressurizing an interior Region wthin the tubular member above the 

mandrel; and 

means for displacing the mandrel with respect to the tubular member, 
wherein the inside diameter of the second portion of the tubular member is 
greater than the inside diameters of the first and third portions of the tubular member, 
30 wherein the rrieans for pressurizing is provided at operating pressiros ranging 

from 0 to 9,000 psi; and . 

wherein the means for pressurizing is provided at flow rates ranging from 0 to 
3,000 gallons/minute. 

35 
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3. An apparatus, comprising: . . 
a preexisting structure; and 

a tubular member coupled to the preexisting structure by the process of: 
. preforming the tubular member to include a first portion, a second portion and a 
5 third portion: 

placing a mandrel within the second portion of the tubular member, 
positioning the tubular member in an bvertapping relationship to the preexisting 
structure: 

pressurizing an interior region within the tubular member above the mandrel; . 

10 and 

displacing the mandrel with respect to the tubular member, 
wherein the inside diameter of the second portion of the tubular member Is 
greater than the inside diameters of the first and third! portions of the tubular rnember, 
wherein the pressurizing is provided at operating pressures ranging frorh 0 to 
15 9.000 psi: and 

wherein the pressurizing is provided at flow rates ranging from 0 to 3,000 
•gajlonsAninute. 
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